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THE INFLUENCE OF HYALURONIC ACID AND OTHER
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Balazs and Holmgren (1) demonstrated that the growth of chicken heart
fibroblasts in tissue culture can be inhibited by substances extractable with
water from 6 to 10 day old healing wounds of rats. They present suggestive
evidence that the inhibitory effect is due to the presence of water-soluble muco-
polysaccharides with metachromatic staining properties. It occurred to us that
similar substances might be used to inhibit excessive fibroblastic activity in
keloids. It was decided, as a preliminary step, to test the effect of mucopolysac-
charides and other substances on cutaneous healing in guinea pigs. Inasmuch as
hyaluronic acid is one of the principal water-soluble mucopolysaccharides in
human skin, and because its antagonist, hyaluronidase, is readily available,
these two substances were used first. Tensile strength of linear wounds produced
by surgical incision was used as a quantitative measure of the effective laying
down of fibers in both sutured and unsutured wounds. It was during the early
stages of this study that Cornbleet (2) presented his results in the use of hyalu-
ronidase in the treatment of keloids. This promised to give added significance
to our approach.
MATERIAL AND METHOD5
Guinea pigs were used because of their relatively thick skin. Young animals
of both sexes weighing from 225 to 300 grams were obtained from a commercial
breeder. They were kept in individual cages and were given Purina Rabbit
Chow Checkers and water ad libitum with the addition of greens twice a week.
Materials tested for their effect on wound healing included: hyaluronic acidt,
in a saline solution of 40 mgms. per 100 ml.; hyaluronidase, also used in saline
solution, 150 turbidity reducing units (TRU) per ml.; and physiologic saline.
The guinea pigs were anesthetized by intraperitoneal injection of sodium pentothal
after the hair on both flanks had been clipped close to the skin. A clean surgical incision,
approximately 2.5 cm. in length, was made on each side of the trunk parallel to the spine
and extending down to the snbcntaneous muscle. In a small control series (Series 1), three
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interrupted cotton sutures were placed and the wounds were allowed to heal undisturbed.
When it was found that unsutured wounds did not gape, and that sutures had a tendency to
be extruded, and interfered with, rather than helped, clean wound healing, the wounds in a
series of thirty animals were left unsutured (Series 2). The solution of hyaluronic acid was
injected into the left side of these animals, hyaluronidase into the right, so that each animal
served as its own control. Injections were made twice a week by inserting a 23 gauge needle
through the skin at some distance from the wound and pushing the point close to the inci-
sion from below. Approximately 0.2 ml. was injected each time, that is, 0.8 mgm. of hyalur-
onic acid on the left side and 30 TRU of hyaluronidase on the right. The last injections were
given five days before the animals were sacrificed. Groups of six were sacrificed at five day
intervals between the fifteenth and thirty-fifth day after operation.
In a third series of fifty animals, a different device was used for the double purpose of
insuring more continuous contact of the test solutions with the tissues and of keeping the
fibroblastic activity alive for a longer time by the irritating influence of a foreign body. In
FIG. 1. Guinea pig of the third series showing the snug cloth coat to which the polyethyl-
ene tube (indicated by arrow) is anchored.
these animals, a length of thin polyethylene tubing* was buried in the wound before sutur-
ing. In order to do this, a narrow trench was created by separating the skin from the under-
lying muscle for 1—2 mm. along the extent of the incision. Three small lateral holes had been
cut in the tubing and the latter was so placed that the holes appeared in the bottom of the
wound. The ends of the tubes were then led from the wound beneath the subcutaneous coat
of muscle and finally out of the skin several centimeters away from the ends of the incision.
The gninea pigs were fitted with snug coats of cloth in which the ends of the tubes were
anchored and which prevented the animals from tearing out the tubes and disrupting the
wounds. (Fig. 1).
This series was divided into a test group and a control group. Test solutions were in-
jected four times weekly by inserting a 23 gauge needle into the open end of the tubes. In
the test group, 0.1 ml. was injected each time, 0.4 mgm. of hyaluronic acid on the left, or
15 TRU of hyaluronidase on the right. A preliminary experiment with dye solution had
shown that this method insured good distribution of the fluid along the entire wound. In
the control group, 0.1 ml. of physiologic saline was injected on the left side while the wound
* The tubing used had an inside diameter of 0.023 inches and an outside diameter of 0.038
inches. It was purchased from Clay-Adams Company, Inc., New York.
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Fm. 2. Mercury manometer and drum-like pressure chamber used to measure tensile
strength. Inset shows the chamber from above. The skin is loosely stretched over the
opening by six adjustable clamps and the metal ring is bolted onto the chamber with six
bolts to make the system airtight. The picture shows a gaping wound just after measure-
ment.
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on the right side did not contain a tube and received no injections, but was otherwise pre-
pared in an identical manner. Animals were sacrificed in groups of six at weekly intervals
between the fourth and eighth weeks. Unfortunately, morbidity and mortality were fnirly
high in this series and not more than 34 guinea pigs could be used for measurement.
Measuring was done with a drum shaped device in which a circular piece of skin with the
wound in the center served as the drum head. This was somewhat similar to the chamber
used by Blank (3) to measure the diffusion of water through the skin. A disc of skin and
subcutaneous muscle about eight centimeters in diameter was excised from the freshly
killed animal and stretched loosely over the opening of tbe chamber shown in Fig. 2. It was
secured in an airtight manner by bolting down a broad metal ring carrying concentric
grooves with fitted corresponding ridges on the rim of the chamber. Two lateral outlets
from the chamber led to a source of compressed air and to a manometer with which pressures
up to 800 mm. of mercury could be registered. The well formed by the metal ring above the
skin was filled with water which made it possible to see the escape of any air through the
skin.
Before the skin was mounted on the chamber, two incisions were made through the
subcutaneous muscle from underneath, parallel to the wound and about 5 mm. away from
it. This was done in order to eliminate the tensile resistance of the muscular coat without
disturbing the wound area to which the muscle was usually adherent. Any sutures still
present were cut before measuring.
It was found that upon admitting compressed air iuto the chamber, the skin
would become taut and bulge in the shape of a calotte before the mercury rose
in the column of the manometer. Then, as the pressure was increased at a steady
rate (approximately 100 mm. of Hg per minute), the skin would continue to
stretch slightly as judged by the fact that the space between the hair follicles
\videned. Often one could follow the spread of air between the muscle and skin
by a progressive blanching of the skin before the rupture of the wound. The
pressure at which the wound ruptured was noted by the passage of air bubbles
through the \vater. In this manner, a reliable end point was obtained. At times
the wound would permit the passage of a few bubbles before it actually separated.
In these instances, the complete rupture of the wound was considered to be tbe
end point. In those skins in which the tensile strength was considerable, or in
normal, unwounded skins, single bubbles would begin to escape, possibly along
hair follicles or blood vessels, at about 300 mm. of mercury.
Results and Discussion
The curve (Fig. 3) produced by the readings obtained in the control series
(Table I) demonstrates a lag period of about 5 to 7 days and a stage of rapid
increase in tensile strength. Following this, there is a gradual flattening of the
curve. It is not unlike curves presented on previous occasions by other workers
(4, 5, 6, 7, 8, 9, 10, 11). Most closely comparable to our work is that of Harvey
and co-workers (5, 6, 7) who studied wounds in the walls of the stomachs of rats.
They measured tensile strength by a mercury manometer attached to the pylorus
while admitting air through the esophagus. Later, Lanman and Ingalls (12), and
subsequently, Bartlett's group (13), measured tensile strength of wounds in the
abdominal walls of guinea pigs by admitting compressed air into the peritoneal
cavity through a lumbar puncture needle.
The second group of animals received injections directly into the wounds
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twice weekly. In this series with oniy two exceptions, the wounds receiving
hyaluronic acid showed more rapid development of tensile strength (Fig. 3).
There was no reason apparent in one of the exceptional cases in which the differ-
ence between the two sides was very slight. The other exception was in an ani-
mal in which, on one occasion, hyaluronic acid was injected into a wound that
should have received hyaluronidase. The error was discovered immediately and
hyaluronidase was then injected into the area, but measurement of tensile
strength 10 days later showed a reversal of the usual pattern. After about thirty
TABLE I
Tensile strength of untreated wounds (Series I)
AG1 OP WOUND IN DAYS 5 10 15 22 24 29 36 42 49
Tensile strength in mm. of Hg 0 40 130 170 113 280 570 580 640
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FIG. 3
days, an increasing number of wounds did not rupture at the highest pressure
which could be obtained with the source of compressed air available (650 to
800 mm. of Hg). (Table II.)
The results found in the third series (Fig. 4), in which the injections were
made through polyethylene tubes, were, at first glance, at variance with those
of the second series. In wounds of less than seven weeks' duration, those receiving
hyaluronidase demonstrated greater tensile strength than those injected with
hyaluronic acid. However, at seven weeks the pattern reversed, the two curves
on the graph crossed, and the relationship seen in the second series obtained.
It might be conjectured that the embedded tubes retarded the development of
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tensile strength so severely that this was actually a "slow motion" view of what
happens early in wound healing. This series of events may not have been seen
in the second series of animals, because it may have occurred before 15 days,*
the time when the first group was measured. The hypothesis is offered that in
TABLE II
Tensile 8trength (in mm. of Hg) of wounds treated with hyaluronic acid and hyaluronidase
(Series II)
RYALURONIC ACID
RYALURONIDASE
EYALtTRONIC ACID
AGR OP WOUND
IN DAYS
15
20
25
30
35
ANIMAL
#100
#72
*73
#71
*74
#101
—77
* 78
% 76
*29
—75
*2
#89
*90
*88
—99
#87
*91
—93
—94
#96
—97
—95
*98
#82
*86
*81
*85
83
#79
50
63
155
158
158
208
100
110
143
193
218
250
210
210
220
245
263
293
210
228
278
278
410
725
560
568
623
>750*
>780*
800
48
45
140
—*
95
95
58
103
215
110
83
263
120
118
208
230
165
95
70
50
193
188
123
448
425
463
588
>690*
643
473
96%
71%
90%
60%
46%
58%
94%
143%
57%
38%
105%
57%
57%
95%
92%
63%
32%
33%
22%
69%
68%
30%
62%
76%
82%
94%
59%
* Unable to measure for technical reasons.
t Hyaluronic acid injected by mistake on one occasion.
the early stages hyaluronic acid inhibits the laying down of fibers and later
stimulates the process. If the measurements of the tensile strength of all wounds
receiving hyaluronic acid are plotted as a straight line representing 100 per
* Further support for this hypothesis was seen in a subsequent experiment. In five out
of six guinea pigs sacrificed ten days after wounding, the wound receiving hyaluronidase
demonstrated higher tensile strength than that injected with hyaluronie acid.
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cent, and the tensile strengths of those wounds treated with hyaluronidase are
plotted as percentages of the former, the reversal of positions is easily seen at
seven weeks (Fig. 5). (Table III.)
E
Fia. 4
TABLE III
Series III. Tensile strength (measured in mm. of Hg) of wounds treated with:
WZZ5 ANIMAL YALI72ONICACID
RYALIRO-
NIDASE
EASZ
MA. ANIMAL SALINE NO, TUflE
4 #52
#51
#61
#53
83
92
108
—
130
119
120
130
156%
129%
111%
'—
#50
#49
#44
90
100
—
195
135
135
5
6
#15
#67
#12
#42
#40
#34
77
95
105
110
120
60
122
125
135
—fl"
133
170
158%
132%
129%
—
111%
283%
#68
#43
#17
#13
#14
73
95
118
105
100
193
290
200
178
5 #33 100 145 145% #38
%39
#48
113
160
—
140
160
168
7 #47
#41
#46
143
210
—'
115
135
115
80%
64%
—
#56
#63
#60
170
310
—"
225
250
170
8 16
#26
#25
155
180
344)
140
140
155
90%
78%
46%
#24
#18
#58
148
160
220
180
290
125
* Unable to measure for technical reasons.
The results as presented are too fragmentary to warrant any definite conclu-
sions. It seems, however, that the methods employed give reproducible results
TIME IN WEEKS
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and are applicable to the investigation of wound healing under the influence of
various local factors. The method of simultaneous symmetrical paired compari-
sons, as advocated by Sulzberger (14), was combined with a device permitting
quantitative measurements. In this way, the importance of great individual
variation in the absolute values of tensile strength was minimized and significant
relative values could be utilized. It is too early to know if the retardation of
fibroplasia that seemed to be apparent in some phases of these experiments will
have any application in the treatment of keloids particularly as so little is known
about the interplay of excessive fibroblastic proliferation and excessive deposi-
tion of fibers in this tumor-like condition.
Percentage values of
individual Hyaluronidase readings
taking Hyoluronic Acid readings as 100 %
SUMMARY
This report deals with the effect of hyaluronic acid and hyaluronidase re-
peatedly administered to incised sutured and unsutured wounds in guinea pigs.
Measurements of tensile strength in treated wounds were correlated with meas-
urements of suitable normal controls by the method of simultaneous symmetrical
paired comparison. In one series, injections were made through indwelling
polyethylene tubes.
An apparatus is described for measuring the tensile strength of wounds in
terms of the air pressure required to disrupt them.
The data suggest that hyaluronic acid may inhibit the effective laying down
of fibers early in the healing process but may later stimulate this phenomenon.
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DISCUSSION
DR. THEODORE CORNBLEET, Chicago, Ill.: There is evidence that multiple
mucopolysaccharides are present in the skin and their distribution in it is not
uniform but patterned. Since hyaluronidase is active against only some of them,
the results under differing conditions set up for the experiments might give
indirect evidence, both qualitative and quantitative, about the various ground
substances in the skin. We are working on this problem using histochemical
methods. Since the various layers of the skin vary in their content of the hetero-
geneous components of ground substance it might make some difference if
Doctors Pinkus and Perry exerted pressure from the dermal instead of the
epidermal side. In other words, it might make a difference in results if the skin
were reversed on the drum-frame-holder.
DR. STEPHEN ROTHMAN, Chicago, Ill.: The literature on tensile strength of
the skin deals exclusively with the role of the fibrous material. When the skin
is stretched, first the elastic fibers are straightened and then the force acts on
the collagen fibers. From this viewpoint it depends on the state of the collagen
fibers at which external force the skin will be torn. I would like to ask the pre-
senter how he interprets his most interesting results. Does the ground substance
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play a role in itself; in other words, does depolymerization of the ground sub-
stance diminish the tensile strength? Or, does the ground substance act by pro-
ducing fibrils of different qualities?
DR. HERMANN PINKUS (in closing): We thank Dr. Cornbleet and Dr. Roth-
man for their discussions, questions and suggestions. I am sorry we cannot
answer most of the questions. We purposely omitted every reference to the
histological findings because we have not been able to come to any very definite
conclusions. I may say this much, that in routine stained sections there is sur-
prisingly little fibroblastic activity in these healing wounds in guinea pigs.
That seems to be different from human skin. For instance, in wounds that rupture
at 200 or 300 mm of mercury, that part of the wound that is not ruptured looks
like perfectly solid tissue, and one can har&y see that there was a cut in it
except that the epidermis shows some changes. The part that gave way just is
split apart, and one cannot really see what ruptured there. We will have to do
special stains and histochemical studies to find this out. We did not try to reverse
the skin, and we thank Dr. Cornbleet for this suggestion. We have at the present
time not studied any other substances except the two mentioned, and saline
as a control, but we hope to use other mucopolysaccharides and various other
substances in the future.
